Objective-The goal of this study was to use mice expressing human tissue factor pathway inhibitor (TFPI) on ␣-smooth muscle actin (␣-SMA) ϩ cells as recipients of allogeneic aortas to gain insights into the cellular mechanisms of intimal hyperplasia (IH ϩ cells were mobilized in significant numbers after allogeneic transplantation, the majority showing sustained expression of tissue factor and protease-activated receptor-1 (PAR-1). In WT, most were CD45 ϩ myeloid progenitors coexpressing CD31, vascular endothelial growth factor receptor-2 and E-selectin; 10% of these cells coexpressed ␣-SMA and were recruited to the neointima. In contrast, the ␣-SMA 
I
ntimal hyperplasia (IH) developing after immune-mediated injury is associated with vascular remodeling, progressive loss of lumen, and chronic ischemia of downstream tissues. This process underpins chronic rejection after transplantation, in which the injury is mediated by the alloimmune response.
See accompanying article on page 3
The precise cellular mechanisms by which IH develops are not clearly understood. A commonly accepted model proposes that T cells and macrophages infiltrating the tunica intima and adventitia 1,2 make cytokines that induce changes in medial vascular smooth muscle cells (SMCs), causing them to migrate, proliferate, and become modulated SMCs characteristically seen in IH. 3 Interferon ␥ (IFN␥) emerges as an important cytokine influencing SMC phenotype in this model. 4 Data from rodent models of transplant arteriosclerosis (TA) [5] [6] [7] indicate that a significant proportion of ␣-smooth muscle actin (␣-SMA)-expressing neointimal cells are recipient derived. Although labeled SMCs by some authors, recent data indicate that these cells are inflammatory leukocytes, lacking expression of markers of a true SMC lineage, such as myosin heavy chain and calponin. 8 The role and importance of these recipient ␣-SMA ϩ leukocytes in the pathogenesis of IH is unknown.
Our previous work partly addressed this. We examined bone marrow (BM)-derived ␣-SMA ϩ cells following mechanical endoluminal injury. 9 -11 Tissue factor (TF)-initiated thrombin generation and protease-activated receptor-1 (PAR-1) stimulation on these cells was necessary for IH to develop. Transgenic mice expressing an anticoagulant fusion protein based on human tissue factor pathway inhibitor (hTFPI) under the control of a modified ␣-SMA promoter (␣-TFPI-Tg mice) failed to develop the IH seen in wild-type (WT) mice. Instead, the neointima contained ␣-SMA ϩ hTFPI-expressing cells covered by a quiescent endothelium; ie, the arteries were repaired back to a preinjured state. BM chimera and adoptive transfer experiments showed that repair was dependent on transgene expression by CD34 ϩ cells. 9 Additionally, inhibition of PAR-1 on transferred CD34 ϩ cells induced the same phenotype. 10 In an attempt to understand neointima formation in WT mice, we showed that thrombin induced proliferation, inhibited apoptosis, and promoted the dominant outgrowth of a minority population of circulating ␣-SMA ϩ CD34 ϩ cells (accounting for approximately 3% of all circulating CD34 ϩ cells), which had a phenotype similar to those found in the neointima of WT animals. We concluded that progressive IH was due to the effects of locally generated thrombin/PAR-1 interactions on these CD34
ϩ cells once recruited to the neointima. 10 Because this "single-hit" mechanical injury model has few clinical counterparts, we have continued this work using mouse aortas across a full major histocompatibility complex mismatch (H-2 d to H-2 b ) without immunosuppression, a model that involves rapid destruction of the endothelium of transplanted allografts and continuous immune-mediated damage to the donor vessel resulting in IH within 4 to 6 weeks. 12 
Materials and Methods
An expanded Methods section is available in the supplemental materials, available online at http://atvb.ahajournals.org.
Animals and Experimental Models
C56BL/6 (WT) and BALB/c mice (Harlan Olac Ltd, Bicester, United Kingdom) ROSA-enhanced yellow fluorescent protein (EYFP), 13 heterozygous ␣-TFPI-Tg, 9 and homozygous PAR-1-and PAR-4-deficient 14 mice were bred and maintained at Imperial College London. All had been maintained for more than 10 generations on a BL/6 background. All procedures were approved by United Kingdom Home Office.
Aortic Transplantation
Mice were transplanted using a sleeve anastomosis technique. 12 Briefly, a 5-mm segment of infrarenal donor aorta, flushed with heparin, was transplanted into recipient aorta. Blood flow was confirmed by direct inspection after the clamps were removed.
Skin Transplantation
Full-thickness tail skin was grafted on the lateral flanks of recipients 14 days after aortic transplantation and protected under sterile gauze covered by plaster for 9 days. Rejection was counted when no viable skin remained. 15 
Wire-Induced Endoluminal Carotid Artery Injury
This injury was performed as previously described. 9, 10 Briefly, a 100-m-diameter wire was introduced and withdrawn 3 times into the common carotid via the external carotid artery before the external carotid artery was tied off. After confirming restoration of normal blood flow through the common carotid, the skin was closed, and animals were allowed to recover.
Morphometric Analysis and Immunohistology
Sections were prepared and examined as previously described. 9, 10 For analysis of intimal and medial areas, at least 3 random sections were examined from each of Ն5 arteries. For immunofluorescence analysis, images were examined using the MetaMorph system (Universal Imaging, Downingtown, PA). For confocal, a Leica DM-IRBE microscope was used, and images were acquired using Leica TCS-NT software. Infiltration by immune cells was analyzed by manual counting at ϫ400 magnification. Average counts were derived from examination of at least 6 random sections from each artery. For the antibodies (Abs) used, see the supplemental materials.
CD34
؉ Cell Separation and Injection CD34 ϩ cells were isolated as previously described 9,10 and had an average purity of 95%. For comparative immunophenotyping using immunocytofluorescence, at least 300 cells were counted at ϫ200 magnification from at least 3 random fields from 3 different wells. For functional experiments, CD34 ϩ cells were purified from mice 2 to 4 days after wire-induced injury, incubated in vitro for 1 hour, before 7.5ϫ10 5 to 1ϫ10 6 cells were injected intravenously into aortic recipients 1 week posttransplantation.
Assessment of Antidonor Immune Responses
Antidonor Ab titers were assessed on donor splenocytes by flow cytometry. Circulating IFN␥ was analyzed by ELISA (R&D Systems). BM-derived dendritic cells (DCs) were isolated and cultured as described elsewhere. 16 T cells were prepared from splenocytes and lymph node cells. Proliferation was assessed by [ 3 H]thymidine incorporation.
Statistical Analysis
Data are presented as meansϮSEM. Significance of the difference between 2 groups was determined by unpaired Student t or log rank test. Values of PϽ0.05 were considered statistically significant.
Results

Phenotype of Aortic Transplants
Six weeks after transplantation into C57BL/6 (H-2 b , WT) recipients, BALB/c (H-2 d ) aortas showed florid IH with neointimal areas and neointimal/media ratios Ϸ10-fold higher than those of syngeneic controls ( Figure 1A-1C) . Immunofluorescence of frozen sections showed widespread staining for TF colocalized with ␣-SMA in neointima ( Figure  1G ). To confirm that recipient ␣-SMA ϩ cells were TF ϩ we transplanted BALB/c aortas into ROSA-EYFP mice expressing EYFP on all cells ( Figure 1H ).
Aortas transplanted into ␣-TFPI-Tg mice (H-2 b ) did not develop IH ( Figure 1D-1F ). Immunofluorescence revealed no intimal TF staining, but there was a rim of recipient hTFPI on the luminal aspect ( Figure 1I ). IH did not develop when syngeneic grafts were transplanted into either strain ( Figure  1C and 1F) .
These data confirm that recipient ␣-SMA ϩ TF ϩ cells infiltrate the intima of transplanted vessels and that expression of hTFPI by these cells is associated with absence of IH.
Immune Activation and Effector Mechanisms in WT Versus ␣-TFPI-Tg
Titers of donor-specific, anti-BALB/c IgM and IgG Abs were similar in WT and ␣-TFPI-Tg recipients (Supplemental Figure IA and IB) , as was the density of T cells, CD68 ϩ macrophages and CD11c ϩ DCs infiltrating transplanted vessels (Supplemental Figure IC and ID) .
There were no differences in the proportions of IFN␥-secreting CD4 ϩ or CD8 ϩ T cells from spleen (Supplemental Figure IE and IF) or lymph nodes (Supplemental Figure IIA and IIB) in WT or ␣-TFPI-Tg recipients. Levels of circulating IFN␥ at 2 weeks were also similar (Supplemental Figure IG) .
T cells and DCs from each strain had a similar phenotype. Importantly, in ␣-TFPI-Tg mice, there was no fusion protein expressed by either cell (Supplemental Figure IIC Taken altogether, these data indicate that adaptive immune responses to BALB/c aortas were comparable in WT and ␣-TFPI-Tg mice. Therefore differences in the nature or intensity of the alloimmune injury were unlikely to account for the aortic phenotypes observed.
Adoptive Transfer of CD34 ؉ Cells After Aortic Transplantation
Peripheral blood leukocytes were purified from WT or ␣-TFPI-Tg mice after endoluminal injury, separated into CD34 ϩ and CD34 Ϫ fractions, and injected into either WT or ␣-TFPI-Tg recipients 1 week posttransplantation. Endoluminal injury was used as a mechanism to enrich vascular progenitors within the CD34 ϩ population. 10 
The CD34
ϩ , but not CD34 Ϫ fractions significantly affected the phenotype of IH. CD34
ϩ cells from ␣-TFPI-Tg mice inhibited the development of IH in WT recipients, whereas CD34 ϩ cells from WT mice promoted IH in ␣-TFPI-Tg recipients (Figure 2A and 2B). hTFPI ϩ staining was detectable on the luminal aspect of the graft 2 weeks after injection of cells from ␣-TFPI-Tg mice ( Figure 2C ). With cells from ROSA-EYFP mice, YFP ϩ cells were seen throughout the neointima 6 weeks after injection ( Figure 2D ). Both these results illustrate that injected CD34 ϩ cells are recruited into the allogeneic aorta.
Following our previous demonstration that hTFPI on these cells was acting to prevent thrombin generation, 9,10 CD34 ϩ cells from WT or ROSA-EYFP mice were incubated with a selective PAR-1 antagonist before injection. Compared with controls, these cells prevented IH (Figure 2A and 2B). In addition, CD34
ϩ cells from PAR-1-deficient animals prevented IH (Figure 2A and 2B). Controls from a second strain, deficient in the low-affinity thrombin receptor PAR-4, also inhibited IH, but to a significantly lesser degree than cells from PAR-1 knockout mice.
All these data indicate that CD34 ϩ cells have an important influence on the hyperplastic response following alloimmune injury and that inhibiting thrombin generation or PAR-1 signaling on these cells is sufficient to prevent IH.
Phenotype of Endogenous Circulating CD34
؉ Cells
There was a significant increase in the number of circulating CD34 ϩ cells after transplantation ( Figure 3A ). Beyond day 3, numbers fell rapidly back to baseline after syngeneic transplantation but remained high after allogeneic transplantation. Cell numbers were similar in ␣-TFPI-Tg mice (data not shown). TF ϩ cells accounted for Ϸ75% of the CD34 ϩ cells in the circulation after allogeneic transplantation but only 20% after syngeneic transplantation. Cells expressing PAR-1 made up to 50% of the CD34 ϩ cells after allogeneic transplantation but were only a minority population after syngeneic transplantation, accounting for Ͻ10% of the CD34 ϩ cells. Finally, ␣-SMA ϩ cells were found, making up Ϸ10% of CD34 ϩ cells in both strains after allogeneic transplantation but Ͻ1% cells on day 7 after syngeneic transplantation.
Comparing the phenotype of CD34 ϩ cells in WT with those of ␣-TFPI-Tg mice 7 days after allogeneic transplantation, the same proportion expressed TF, PAR-1 ( Figure 3B ), vascular endothelial growth factor receptor-2 (VEGFR-2), ␣-SMA, tyrosine kinase with immunoglobulin and EGF homology domains (TIE)-2, and CD31, but there were significant differences in the proportion expressing CD45, CD68, F4/80, Ly6-C, and CD11b (Supplemental Table I ). There were significant differences in the expression of these molecules by ␣-SMA ϩ CD34 ϩ cells (Table) . The majority in WT expressed PAR-1 alongside CD45, CD11b, CD68, F4/ 80, Ly-6C, CD115, CX3CR1, and CCR2, indicating that they were myeloid progenitors. In addition, almost all the ␣-SMA ϩ cells from WT coexpressed VEGFR-2, CD31, TIE-2, and E-selectin, suggesting an angiogenic phenotype. In contrast, the majority of ␣-SMA ϩ CD34 ϩ cells from ␣-TFPI-Tg mice were negative for CD45, CD11b, CD115, F4/80, Ly-6C, CX3CR1, CCR2, and PAR-1 and expressed no VEGFR-2, CD68, CD31, or E-selectin. In these mice, expression of the hTFPI fusion protein was found on both the CD45 ϩ and CD45 Ϫ subpopulations, confirming that the promoter driving transgene expression was active in both lineages ( Figure 3C ). In contrast, despite immunocytofluorescence examination of Ͼ8000 individual CD34 Ϫ cells from the peripheral blood of 4 different groups of transplanted ␣-TFPI-Tg recipients, we detected no ␣-SMA or hTFPI expression that could not be accounted for by contaminating CD34 ϩ cells, indicating that the fusion protein was only expressed by circulating CD34 ϩ cells. The differences between WT and ␣-TFPI-Tg mice were due entirely to the expression of the TFPI fusion protein, as an anti-hTFPI monoclonal Ab, injected at the time of transplantation, was associated with the appearance of significant numbers of CD31 ϩ ␣-SMA ϩ and CD45 ϩ ␣-SMA ϩ CD34 ϩ cells in these mice (Supplemental Table II ). Moreover, these changes could be reversed if the Ab was administered with a PAR-1 (but not a PAR-2) antagonist (Supplemental Table II ), suggesting that the effect of TFPI was to inhibit signaling through PAR-1 but not PAR-2. These data indicate profound TF and PAR-1-dependent differences between strains in the mobilization and phenotype of CD34 ϩ cells posttransplantation, with the ␣-TFPI-Tg mice having reduced proportions of circulating CD45 ϩ myeloid progenitors (particularly CD45 ϩ ␣-SMA ϩ cells), increased proportions of CD45 Ϫ ␣-SMA ϩ cells, reduced expression of PAR-1 by ␣-SMA ϩ cells, and an absence of ␣-SMA ϩ cells coexpressing VEGFR-2, CD31, and E-selectin.
Recruitment of Cells to Aorta After Injury
To link these differences in endogenous CD34 ϩ cells to IH or repair, we studied recruitment of cells to the transplanted allografts using confocal microscopy. As previously reported, 17 donor endothelial cells were rapidly lost within 24 to 72 hours in both WT and ␣-TFPI-Tg ( Figure 4A ). In WT, new ␣-SMA-expressing cells were visible on the luminal aspect by day 7; these cells coexpressed CD31, CD45, and E-selectin, consistent with recruitment of the majority population of circulating CD34 ϩ ␣-SMA ϩ cells. By day 14, IH was becoming established, and there was widespread expression of CD31 and CD45 throughout the neointima, with no evidence of a new endothelium being formed (Figure 4) .
In ␣-TFPI-Tg recipients, cells expressing hTFPI were detectable on the luminal aspect of the transplanted aorta by day 3; these were CD34 ϩ but negative for CD31, CD45 ( Figure 5) , and E-selectin (not shown), consistent with recruitment of the majority population of endogenous CD34 ϩ ␣-SMA ϩ cells in these mice. Recruitment of these cells was associated with the appearance of CD31 ϩ cells on the luminal aspect; these were also CD34 ϩ but CD45 Ϫ and E-selectin-negative and appeared in areas distinct from the hTFPI-expressing cells. By day 28, a new quiescent endothelium had regenerated in the allografts transplanted into ␣-TFPI-Tg recipients ( Figure 5 ). These data confirm that the ␣-SMA ϩ cells recruited to the luminal aspect of transplanted allografts in both strains had a phenotype consistent with that of the CD34 ϩ ␣-SMA ϩ cells found in the circulation.
Phenotype of Mouse Aortas After Adoptive Transfer of CD34
Aortas in WT mice injected with CD34 ϩ cells from ␣-TFPI-Tg were examined by immunofluorescence; these developed a quiescent endothelium lacking expression of ␣-SMA or E-selectin (Supplemental Figure IIIA) , even though the cells were injected 1 week after transplantation, at a time when recruitment of endogenous CD45 ϩ ␣-SMA ϩ cells was under way. The same appearance was also seen when WT (not shown) or ROSA-EYFP CD34 ϩ cells incubated with PAR-1 antagonist (Supplemental Figure IIIC) were injected. Results from the latter indicated that injected CD34 ϩ cells contributed to the new quiescent endothelial layer, as well as the ␣-SMA ϩ cells beneath. Finally, WT recipients injected with CD34 ϩ PAR-1-deficient cells also developed a quiescent endothelium (Supplemental Figure  IVA) , in contrast to when PAR-4-deficient cells were used (Supplemental Figure IVB) ; although IH was reduced by these cells (see Figure 2) , the neointima that developed had a WT appearance, with widespread staining for TF, CD31, and E-selectin.
These data indicate that thrombin or PAR-1 inhibition on CD34 ϩ cells is sufficient to promote endothelial regeneration, despite an ongoing immune response against the donor vessel and the presence of significant numbers of recipient CD45 ϩ ␣-SMA ϩ progenitors circulating in these mice.
Discussion
This study offers 3 novel insights into TA by demonstrating, first, that IH is associated with a distinct subset of CD34 ϩ CD45 ϩ ␣-SMA ϩ cells circulating after allogeneic transplantation, whereas regenerative repair seen in ␣-TFPI-Tg mice is associated with a distinct subset of CD45 Ϫ ␣-SMA ϩ cells; second, that IH can be prevented in the face of an aggressive antidonor immune response by specific manipulation of thrombin generation or PAR-1 receptors on CD34 ϩ cells; and third, that this manipulation promotes regenerative repair. An important point about the regenerative repair was that it occurred in the face of an aggressive immune response to the donor tissue, without specific modulation by immunosuppressive drugs.
Coagulation proteins have previously been implicated in the pathophysiology of TA, though with little understanding of the mechanisms involved. For example, chronic rejection is associated with extensive fibrin deposition within arteriosclerotic vessels in human renal allografts 18 and with widespread TF expression in rat and human cardiac allografts. 19 -21 Moreover, a potent thrombin inhibitor, hirudin, has been shown to attenuate experimental TA in rat cardiac allografts. 22 Our data now provide a mechanistic explanation for the link between TF and IH, through thrombin/PAR-1 signaling on circulating CD34 ϩ cells. PAR-1 is the archetypal member of a family of G-proteincoupled, 7 transmembrane-domain cell surface receptors, designated PAR-1 to PAR-4, [23] [24] [25] [26] through which coagulation proteases mediate many of their proinflammatory effects. Thrombin, which cleaves PAR-1, -3, and -4, 27 influences the phenotype of numerous cell types in this way. 26 Having previously linked IH with PAR signaling on newly recruited CD34
ϩ cells in a model of wire-induced endovascular injury, 10 we now show that the same mechanism is relevant in an allogeneic transplantation model, in which the continuous immune-mediated injury is more representative of the chronic lesions seen in inflammatory vascular disease.
The immune response to transplanted aortas in ␣-TFPI-Tg mouse recipients was the same as in WT. Both exhibited comparable in vitro antidonor direct T cell alloresponses, stimulation of T cells by DCs, production of antidonor Ab (strongly implying comparable indirect T-cell activation); infiltration of the graft by macrophages, T cells, and DCs; and finally, rejection of H-2 d skin grafts by naïve and donorprimed animals. Others have shown that IFN␥, produced by infiltrating immune cells, is the critical cytokine driving IH, as illustrated by the severely attenuated lesions developing in recipient mice lacking IFN␥ 28 and, importantly, the IH that develops in immunodeficient mice lacking immune cells after administration of IFN␥. 29, 30 We found that the proportions of CD4 ϩ and CD8 ϩ T cells staining for IFN␥ in lymph nodes and spleen of both WT and ␣-TFPI-Tg recipients were similar, as were the amounts of IFN␥ detectable in the circulation posttransplantation. All these data strongly suggest that BALB/c grafts in both strains were subject to the same immune-mediated injury and were equally exposed to the cytokine stimulus driving IH. These findings are not surprising, considering that the ␣-TFPI-Tg mice do not have a systemically anticoagulated phenotype 9 and that, within the leukocyte population, the hTFPI fusion protein is expressed by only a small proportion of CD34 ϩ cells. In their 2001 article using the same transplantation model, using ␤-galactosidase-Tg mice, Shimizu et al reported that neointimal SMCs were derived from the recipient BM cells rather than those of the donor, 5 a conclusion that has since been reached by others working in different models of IH. 31 These findings have remained controversial, in part because of the disputed ability of BM-derived cells to give rise to SMCs and because recent publications have directly contradicted the earlier data. 32, 33 Recently, Iwata et al, working in 3 separate models of IH including TA, reported significant numbers of recipient ␣-SMA ϩ SM22␣ ϩ cells in the neointima, but these also expressed CD115, CD11b, F4/80, and Ly-6C, markers of the monocyte/macrophage lineage rather than established markers of differentiated SMCs such as smooth muscle myosin heavy chain or calponin. 8 The authors concluded that although BM-derived ␣-SMA ϩ cells were involved in vascular remodeling, they were myeloid cells and not true SMC progenitors. Our data are compatible with this work.
Moreover, we have shown that myeloid progenitors expressing markers of the classic or inflammatory lineage make up the majority (60%-80%) of the CD34 ϩ cells mobilized by WT mice into the circulation posttransplantation and demonstrated that some of these express ␣-SMA, making up nearly 10% of all CD34 ϩ cells by day 7. Many of these ␣-SMA ϩ cells also expressed TIE-2, VEGFR-2, CD31, and E-selectin, indicating a hemangiocyte or vascular leukocyte lineage. 34 Although at their peak these cells numbered no more than 30 000/mL in the circulation, these were the cells that were recruited to the luminal aspect of the allograft and that accumulated in the expanding neointima. The coexpression of ␣-SMA with TF and endothelial proteins, such as CD31, P-selectin, and E-selectin, in the neointima has been previously documented by us 10 and by other groups working in IH 35 with the luminal cells described as pseudoendothelial by some. 36 These distinct CD45 ϩ ␣-SMA ϩ cells were only found circulating after allogeneic transplantation and not syngeneic transplantation, suggesting that the inflammatory environment generated by the ongoing alloresponse was responsible. Although we have not addressed which mediators are involved, it is probable that IFN␥ plays a role, given its established link with TA. Other features specific to allogeneic transplantation were the sustained expression of TF and PAR-1 by the majority of circulating CD34 ϩ cells. That TF expression was relevant was demonstrated by the vessels transplanted into ␣-TFPI-Tg mice, which had a radically different phenotype compared with those of WT. Not only was IH inhibited, but also transplanted allogeneic vessels appeared to have undergone regenerative repair, characterized by replacement of donor endothelium with quiescent cells sitting on a layer of new ␣-SMA ϩ cells. Although small numbers of circulating CD34 ϩ ␣-SMA ϩ hTFPI ϩ cells in these mice were CD45 ϩ , the majority were predominantly negative for CD45, CD11b, CD115, F4/80, Ly-6C, CX3CR1, CCR2 and PAR-1 and lacked expression of VEGFR-2, CD68, CD31, and E-selectin. This phenotype was directly dependent on the TFPI fusion protein.
To our knowledge, this is the first description of the 2 subsets of ␣-SMA ϩ CD34 ϩ cells posttransplantation and of a link between them through coagulation proteases.
Recruitment of these cells to the allogeneic vessel wall was followed by CD34 ϩ CD45 Ϫ endothelial cells, which eventually formed a new endothelium. The same appearance was seen after adoptive transfer of purified CD34 ϩ cells from PAR-1 deficient mice and WT cells that had first been incubated with a selective PAR-1 antagonist. All these results indicate that TF was most likely the trigger to thrombin generation, allowing signaling through PAR-1, and also suggested that inhibition of PAR-1 signaling on circulating CD34 ϩ cells was the most important determinant of the repair phenotype. However, the precise molecular signals resulting in the sequential recruitment of ␣-SMA ϩ and CD31 ϩ cells to the allogeneic vessel are not clear.
For adoptive transfer experiments, CD34 ϩ cells were isolated from syngeneic or congenic mice that had undergone wire-induced carotid artery injury 2 days previously, so that they were enriched for CD34 ϩ cells mobilized in the context of vascular injury. We have assumed that recruitment of injected cells to the neointima is important for subsequent inhibition of IH, but we cannot exclude the possibility that they also act at remote sites to influence the mobilization or phenotype of endogenous CD34 ϩ cells (or other types of cells). In summary, this work indicates that the phenotype of alloimmune-mediated vascular injury (the phenotype of rejection) in this model is determined by the phenotype of mobilized repair cells, not by the nature of the immune response. These data should open new avenues of research into the quality and character of the endogenous repair response under conditions of ongoing inflammation. They should lead to a reevaluation of previous data obtained from mouse models of TA and prompt a reevaluation of the mechanisms underpinning human chronic rejection. They also have significance for the investigation and treatment of inflammatory vascular diseases, in which more work needs to be done to explore why endogenous repair mechanisms fail to operate.
